background Traumatic brain injury (TBI) is a major cause of death and disability worldwide, and its treatment is potentially a heavy economic burden. Suicide is another global public health problem and the second leading cause of death in young adults. Patients with TBI are known to have higher than normal rates of non-fatal deliberate self-harm, suicide and all-cause mortality. The aim of this study was to explore the association between TBI and suicide risk in a Chinese cohort. Method This study analysed data contained in the Taiwan National Health Insurance Research Database for 17 504 subjects with TBI and for 70 016 subjects without TBI matched for age and gender at a ratio of 1 to 4. Cox proportional hazard regression analysis was used to estimate subsequent suicide attempts in the TBI group. Probability of attempted suicide was determined by Kaplan-Meier method. results The overall risk of suicide attempts was 2.23 times higher in the TBI group compared with the non-TBI group (0.98 vs 0.29 per 1000 person-years, respectively) after adjustment for covariates. Regardless of gender, age or comorbidity, the TBI group tended to have more suicide attempts, and the risk attempted suicide increased with the severity of TBI. Depression and alcohol attributed disease also increased the risk of attempted suicide in the TBI group. Conclusion Suicide is preventable if risk factors are recognised. Hence, TBI patients require special attention to minimise their risk of attempted suicide.
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InTroduCTIon
Traumatic brain injury (TBI), which is defined as damage to the skull or the brain and its frameworks through an external force, 1 is a major cause of death and disability worldwide, and its treatment is potentially a heavy economic burden. The number of TBIs that occur annually worldwide is an estimated 1.5 to 2 million; the global prevalence is 12% to 16.7% in males and 8.5% in females, respectively. In Taiwan, up to 25% of the approximately 52 000 annual cases of TBI are fatal. 2 The WHO projects that TBI will be the third leading cause of death or disability by 2020. 3 Traumatic brain injury is most common in young adults and the elderly. Mild TBI is far more common than severe TBI. The severity of various consequences of TBI is known to increase proportionally to the severity of the TBI; typical consequences include physical disability, cognitive impairments and mood disorders.
Suicide is a global public health problem. Approximately 800 000 people commit suicide every year, and suicide is the second leading cause of death in young adults. In Taiwan, the number of deaths by suicide in 2016 was 3765, and the standardised mortality rate was 12.3 persons per population of 100 000. 4 According to statistics released by the Taiwan Ministry of Health and Welfare, suicide is the 12 th most common cause of death. Suicide occurs throughout the life span and across all socioeconomic strata. Moreover, suicide has a potentially immense socioeconomic burden on individuals, families, communities and nations. 5 The causes of suicide are multifactorial. Individuals with TBI have higher rates of nonfatal deliberate self-harm, suicide and all-cause mortality compared with the general population. 6 7 Although recent studies suggest that TBI might be an important risk factor for suicide, studies of the association between TBI severity and suicide risk have reported conflicting results between countries and races. Simpson 8 and Fonda et al 9 reported TBI severity contributed no meaningful differences to the risk of suicide attempts in the study of Australian population or US veterans who served in either Iraq or Afghanistan, respectively; whereas Madsen et al 7 showed the risk of suicide was higher for TBI individuals with evidence of structural brain injury in Denmark.
However, most studies investigating the relation of suicide and TBI have some shortcomings in methodology, such as small clinical samples, especially very small number of TBI cases with suicide and self-reported data. Besides, little population-based data for this association are available. In the Simpson's survey, they only included small number of patients (n=172) in Australia. In the Fonda's analysis, only US veterans were included. The majority of military veterans were young (mean age=28.7 years) male (84%). The definition of TBI severity was based on self-reported duration of consciousness loss, alternation of consciousness and posttraumatic amnesia, not on objective examinations. Besides, moderate (6%) to severe (6%) TBI subsample cases were too small to bias the estimates.
In Denmark, Madsen et al conducted a retrospective cohort study (1977 to 2014) and showed that a statistically significant increased suicide was present in TBI individuals. However, their research results were potentially biassed because they did not include all mild TBI patients treated prior to 1995. Also, there were no available records on what treatment TBI patients received, making it difficult to on February 27, 2020 by guest. Protected by copyright. determine the TBI severity. Additionally, this study was performed in population of the Western world, not those of Eastern Asia. Generalising data retrieved from a study of a relatively homogeneous and wealthy Scandinavian people is not persuasive. Finally, large-scale population-based studies for the relationship between TBI severity and suicide risk in Asian cohorts are scarce. Therefore, this study used the Taiwan National Health Insurance Research Database (NHIRD) to clarify the association between TBI and subsequent occurrence of suicide as well as the effect of TBI severity in Chinese cohorts. In our analysis, the TBI severity is based on objective codes or examinations and then correlation is estimated through adjusting for all important suicide risks.
MeThods database
Data retrieved from the NHIRD maintained by the Taiwan healthcare system was used in this population-based cohort study. The encrypted NHIRD contains medical data of more than 99% of the 23.74 million Taiwan residents. The Taiwan national health insurance programme allowed researchers to access this administrative database for patients. The NHIRD contains enrolment information for all patients and comprehensive data for their use of healthcare resources. In accordance with the Personal Electronic Data Protection Law of Taiwan, any information that can be used to identify beneficiaries and hospitals must be removed from the NHIRD. This cohort study analysed 1996 to 2010 data from the Longitudinal Health Insurance Database 2010, which is an NHIRD subset that collects data of 1 million randomlysampled beneficiaries from the primary NHIRD. This study identified and classified diseases according to the diagnostic codes in the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
study population
The study included 17 504 patients who were older than 20 years and had been diagnosed with TBI (ICD-9-CM code 800, 803 to 804 and 850 to 854; operation codes 01.23, 01.24, 01.25, 01.31, 01.39 and 02.01) during 1996 to 2010. 10 The analysis was limited to patients who had received ≥1 diagnoses during inpatient care or ≥2 TBI diagnoses during ambulatory visits in order to ensure data accuracy. The date of the first clinical visit for TBI was defined as the index date. The TBI cohort excluded patients who had been diagnosed with any mental disorder (ICD-9-CM code 290 to 319) before the index date. The TBI cases were further classified as severe, moderate or mild. Severe TBI was defined as a TBI that required surgery in the course of inpatient treatment; moderate TBI was defined as a TBI that required hospitalisation but not surgery; mild TBI was defined as a TBI that did not require inpatient treatment. 11 The ICD-9-CM, E-Codes for suicide attempts (950 to 959 and 980 to 989) 12 were assigned by psychiatrists. Patients were excluded if they had a ICD-9 code for suicide attempt before the index date. Additionally, 70 016 patients without TBI were identified to enhance the power of statistical tests in stratified analysis. The non-TBI patients were randomly selected from the registry of beneficiaries. Patients were eligible for inclusion in the non-TBI group if they had not been diagnosed with TBI during 1996 to 2010 and had no history of suicide attempts before enrolment. The non-TBI group and the TBI group were matched at a 4:1 ratio for gender, age and index year (year of TBI diagnosis). Figure 1 shows the workflow of the study procedure.
outcome and comorbidities
The outcome was any occurrence of suicide attempts during the follow-up period. Both cohorts were followed until 31 December 2010 or until the occurrence of suicide attempts. A review of the psychiatry literature reveals that very few modifiable risk factors have been clearly defined. 13 Therefore, most studies have focused on largely unmodifiable risk factors such as age and gender and on risk factors that are common physical comorbidities, such as hypertension (ICD-9-CM codes 401 to 405), hyperlipidaemia (ICD-9-CM code 272), congestive heart failure (ICD-9-CM code 428), diabetes mellitus (ICD-9-CM code 250), coronary artery disease (ICD-9-CM code 410 to 414), liver cirrhosis (ICD-9-CM code 571), depression (ICD-9-CM code 296.2 to 296.3, 300.4 and 311), tobacco use disorder (ICD-9-CM code 350.1) and alcohol attributed disease (ICD-9-CM codes 291.0 to 9, 303, 305.0, 357.5, 425.5, 535.3, 571.0 to 3, 980.0 and V11.3) 13 were potential confounders in this analysis because they are unhealthy lifestyle behaviours associated with both TBI and mental illness. 11 For each participant, urbanisation index and income-related insurance payment amounts were used as proxy measures of socioeconomic status at follow-up. Urbanisation index was categorised into three groups: high (metropolises), medium (small cities and suburban areas) and low (rural areas). 14 Insurance premiums were categorised into three groups according to the monthly insurance payment by the enrollee: NT$0 to 20 000; NT$20 000 to 40 000 and more than NT$40 000. 15 
statistical analyses
We used X 2 test to compare clinical characteristics and distributions of categorical demographics between the TBI and non-TBI cohorts. The Wilcoxon rank-sum test and Student's t-test were used to compare mean age and follow-up time (y) between the two cohorts, as appropriate. The Kaplan-Meier analysis was used to estimate cumulative incidence of suicide attempts, and the differences between the curves were compared by two-tailed log-rank test. For TBI patients, survival was calculated until an ambulatory visit for suicide attempts, hospitalisation or the end of the study period (31 December 2010), whichever came first. Incidence rates of suicide attempts estimated in 1000 personyears were compared between the two cohorts. Cox proportional hazard regression models were used to investigate the HR and 95% CI for suicide attempts for individuals with TBI if the proportional hazards assumption was satisfied. Multivariable on Cox models were adjusted for gender, age, income, urbanisation and relevant comorbidities. A two-tailed p value less than 0.05 was considered statistically significant. Statistical Analysis Software, V.9.4, was used for all data analyses (SAS Institute, Cary, North Carolina, USA). Table 1 presents the baseline demographic characteristics and comorbidities in the two cohorts. In the TBI cohort, 43.35% patients were female. Compared with the non-TBI cohort, the TBI cohort had significantly higher percentages of patients with hypertension (39.45 vs 24.22; p<0.001), diabetes mellitus (24.24 vs 14.49; p<0.001), hyperlipidaemia (33.13 vs 22.97; p<0.001), coronary artery disease (7.25 vs 2.84; p<0.001), congestive heart failure (7.60 vs 3.39; p<0.001), liver cirrhosis (34.52 vs 23.79; p<0.001), tobacco use disorder (1.01 vs 0.62; p<0.001), depression (10.1 vs 7.41; p<0.001) and alcohol attributed disease (7.86 vs 2.40; p<0.001). During a median observation time of 4.2 years, 0.88% (154) of the TBI patients had suicide attempt (IQR=1.5 to 7.0). The incidence of suicide attempt in the TBI cohort was significantly (p<0.001) higher than that in the non-TBI cohort (314 suicide attempts out of 70 016 age-matched and gender-matched controls (0.45%) during a median observation time of 8.0 years (IQR=4.9 to 11.1)). The median duration of follow-up for suicide attempts was significantly shorter in the TBI group (4.2 years) compared with the non-TBI group (8.0 years).
resulTs baseline characteristics of the TbI and non-TbI cohorts

Incidence and risk of suicide attempts
In table 2, the incidence and HR for suicide attempts are stratified by gender, age and comorbidity. During the follow-up period, the overall risk of suicide attempt was 2.23 times higher in the TBI group compared with the non-TBI group (0.98 vs 0.29 per 1000 person-years, respectively) after adjustment for gender, age and related comorbidities (diabetes mellitus, hyperlipidaemia, hypertension, coronary artery disease, congestive heart failure, liver cirrhosis, depression, alcohol attributed disease and tobacco use disorder). Cumulative incidence of suicide attempts among patients with traumatic brain injury and the control cohort. TBI,traumatic brain injury. Gender-specific analyses showed that, in the TBI group, the incidence of suicide attempts was higher in women than in men (1.05 vs 0.92 per 1000 person-years, respectively). Additionally, in comparison with the non-TBI group, the TBI group had a significantly higher risk of suicide attempts in both genders (adjusted HR=2.49, 95% CI 1.82 to 3.41 for women; adjusted HR=2.04, 95% CI 1.53 to 2.72 for men).
In age-specific risk comparisons of the two cohorts, the TBI cohort consistently showed a significantly higher risk of attempted suicide in all age groups. Regardless of comorbidities, the risk of suicide attempt was higher in TBI group than non-TBI group. Notably, the risk of attempted suicide was even higher in TBI patients who had comorbidities. Figure 2 compares the Kaplan-Meier curves for the cumulative incidence of suicide attempts between the TBI and non-TBI groups at the 15 year follow-up. The Kaplan-Meier curves showed a significantly higher cumulative incidence of suicide attempts in the TBI group compared with the non-TBI group (log-rank test p<0.001).
risks factors for suicide attempts in TbI patients
The Cox regression analysis revealed two risk factors for suicide attempts in the TBI group: depression (adjusted HR=5.73, 95% CI 4.14 to 7.93) and alcohol attributed disease (adjusted HR=3.29, 95% CI 2.30 to 4.72). However, the risk of attempted suicide in this group decreased as age increased (table 3) . Table 4 shows that all patients with TBI had a higher than normal risk of suicide attempts. Additionally, the risk of attempted suicide increased as the severity of TBI increased.
risk of suicide attempt and TbI severity
dIsCussIon
To our knowledge, this is the first large-scale population-based study to investigate the association between TBI and subsequent suicide risk in a Chinese population. The TBI group in this study had a 2.23-fold higher risk of suicide attempts compared with the non-TBI group (0.98 vs 0.29 per 1000 person-years, respectively). Regardless of age, gender or comorbidity, all TBI subgroups had a higher than normal risk of attempted suicide. Moreover, patients with severe TBI had a slightly greater risk of attempted suicide compared with those with mild TBI. In the TBI group, the strongest risk factors for attempted suicide were depression and alcohol attributed disease.
This study had several notable advantages. First, this population-based study analysed longitudinal data contained in an insurance claims database over a long observation period (15 years) and in a large population (1 000 000 Taiwan residents). The analyses were adjusted for time-varying factors that are well recognised as major risk factors for suicide. Therefore, recall bias was limited compared with analyses based on self-reported data for suicide behaviour used in other surveys. Second, the Taiwan National Health Insurance programme includes over 99.5% residents in Taiwan. Therefore, the observed association between TBI and suicide was representative of the actual population, and the possibility of selection bias was minimal.
However, this study has several limitations. First, the insurance claims database used in this analysis did not include data for suicidal ideation or completed suicide. Therefore, the analysis could only consider attempted suicide. Second, this insurance claims database did not include individuals who did not seek medical care because their TBI or self-harm behaviours were mild. Therefore, potential bias in identification may have resulted in an underestimated incidence of attempted suicide. Third, this study did not consider chronic pain, which has a high incidence in TBI patients and has a significant association with depression. 16 Moreover, our conclusions were based on analysis of secondary data from an insurance claims database. Unexpected biasses from the effect of different numbers and severity of concomitant comorbidities were possible. Data were unavailable for potential confounding factors such as family history of suicide or child abuse or for environmental factors such as stressful life events or prolonged stress. Additionally, this study could only analyse diagnoses of alcohol attributed illness and tobacco use disorder rather than habitual use of alcohol or tobacco. Finally, this study did not consider social factors such as marital status and social support and did not consider patient characteristics such as Glasgow Coma Scale score, trauma mechanisms and duration of lost consciousness.
Previous studies have investigated the prevalence of suicidal ideation, attempted suicide and death by suicide in TBI patients in the community. 17 Systemic review found robust evidence of the relationship between TBI and elevated risk of suicide. 18 A TBI can cause dysfunction of the frontal lobes and frontalsubcortical circuits, then resulting in aggression, poor decisionmaking and impulsivity. Impulsivity and aggression also have a strong association with suicidal behaviour. 19 This study revealed a markedly higher cumulative incidence of suicide attempts in the TBI cohort compared with the non-TBI cohort and the TBI group had a 2.23-fold higher risk of attempted suicide compared with the non-TBI group in Taiwan population. These results are consistent with a longitudinal follow-up study by Lauren et al, 20 who reported that TBI is a major risk factor for suicidal behaviour. Moreover, data collected using standardised selfreported measures of post-traumatic stress disorder, depression, suicidal thoughts and behaviours in military personnel also indicates that suicide risk is higher in subjects with a history of multiple TBIs compared with those with only one or no TBI. 21 22 In the general population, risk factors for attempted suicide include gender, age and history of previous suicide attempts. 23 A notable gender difference is that the rate of attempted suicide is higher in females whereas the rate of completed suicides is higher on traumatic brain injury (TBI) have a high risk of developing suicide attempts. ► The risk of suicide attempts is increased associated with the severity of TBI. ► The increased risk of suicide is less in TBI patients aged above 50 years; thus, older age may protect TBI cohort from suicide attempts.
Current research questions
► Does the TBI severity correlate with suicide attempts in Chinese patients? ► Would increased exposure to traumatic brain injury earlier in life increase the risk of suicide attempts? ► Do older TBI patients have higher suicide attempts risks?
What is already known on the subject ► Both traumatic brain injury and suicide are worldwide health problems and burdens. ► Patients with TBI are known to have higher than normal mortality. in males. 24 In the current study, both male and female patients in the TBI group had a higher risk of attempted suicide compared with their counterparts in the non-TBI group. Specifically, males in the TBI group had 2.04-fold higher risk of attempted suicide; females in the TBI group had a 2.49-fold higher risk of attempted suicide. In Teasdale et al, 6 an analysis of a Denmark cohort similarly reported that females with TBI had a higher suicide mortality rate compared with males with TBI. Hartkopp et al 25 speculated that females have more difficulties bearing the consequence of injury because the role of physical attractiveness in self-image is more important in women compared with men.
The psychiatric disorder most commonly (50% to 60%) implicated in death by suicide is depression. 26 Anxiety, chronic pain and drug abuse are other independent risk factors for attempted suicide. 27 Psychotherapeutic interventions implemented early (within the first year) after injury may reduce the progression of major depression in TBI. 28 In our study, depression and alcohol attributed disease are significantly associated with suicide after TBI (adjusted HR 5.73, 95% CI 4.14 to 7.93, p<0.001; adjusted HR 3.29, 95% CI 2.30 to 4.72, p<0.001, respectively).
In the elderly, the most common cause of TBI is falls. Elderly patients with TBI also have significantly worse outcomes for mortality and functional impairment. 29 Age is a major factor in functional decline after TBI. 30 A previous population-based study revealed the incidence of suicide was lower in TBI patients younger than 21 years or older than 60 years. 6 Table 3 shows that, after stratification by age, the risk of suicide attempt in elderly patients was significantly lower in the current study (adjusted HR 0.83; 95% CI 0.74 to 0.94; p=0.002). A possible explanation for the age difference is that elderly patients have less cognitive and physical capability to carry out a suicide after injury.
The association between TBI severity and suicide has also attracted the interest. The relative risk of attempted suicide is three to four times higher in patients with severe TBI compared with the general population. 17 Clinical evidence also indicates that both severe and mild TBI are associated with increased suicidal tendencies. 31 Brenner et al 32 reported that compared with those without TBI, death by suicide was 1.34-fold higher in military veterans with a history of severe TBI, while veterans with a history of relative mild TBI, that is, fracture or contusion, had a 1.98 times higher risk of attempted suicide. Pain may have contributed to the increased risk of suicide in the mild TBI group. In comparison, increased suicide risk by severity of TBI in our study revealed that patients with mild, moderate and severe TBI had 2.22-fold, 2.23-fold and 2.32-fold, respectively, higher risks of attempted suicide compared with patients without TBI (table 4) .
ConClusIon
The worldwide consensus is that suicide is a preventable cause of death. The findings of our study suggest that depression, alcoholic attributed disease and high severity of TBI may increase the risk of attempted suicide in patients with TBI. These factors serve as vital mechanisms through which TBI influence suicide attempts. Suicide attempts are strong indicators for death of suicide. 33 Suicide prevention requires a cooperative effort by society, the family and the individual. The results of this study suggested that intensive interventions for identifying individuals with a high risk of suicidal behaviour can have large and positive public health effect. Thereby, future research is warranted to identify other mechanisms of these association, including possible biological interaction of TBI and other predictors such as severity to elucidate whether prompt intervention for TBI cases could reduce this risk.
